Quark exchange between nucleons bound in a nucleus can cause a shift in the momentum distribution of quarks relative to free nucleons. This is true even if nucleon properties, including size, remain unchanged in the nuclear environment.
INTRODUCTION
It is intuitively appealing to regard deep-inelastic lepton scattering from nuclei as a two-step process. First, the nuclear wave function is decomposed into some basis of constituents, nucleons in the first instance, nucleons and pions in more elaborate schemes, and later perhaps including more exotic objects such as 6's, multiquark conglomerates, and so on. Then the structure functions of the constituents are added incoherently to give the structure function of the whole nucleus. This is the "convolution model" often used in analyses of the European Muon Collaboration (EMC) effect. ' A detailed discussion of the assumptions, and possible flaws, of the model are given in Ref. 4. In addition to the incoherent processes with which the convolution model deals, there could exist coherent ones arising, for instance, from quark exchange between nucleons. Coherent processes are not suppressed by powers or even logarithms of Q . Their importance is a dynamical issue, which has yet to be seriously addressed. Quarkexchange contributions to the nuclear structure function arise because quarks in different nucleons must be antisymmetrized.
This has been explicitly demonstrated in a simple, solvable one-dimensional model, the essence of which will be repeated later for clarity. In Ref. 5 it was shown that the scale of these effects is set by the ratio of the nucleon size to the typical internucleon separation in nuclei. Furthermore, the effect of quark exchange between nucleons is to soften the quark momentum distribution in nuclei (it increases the correlation length), which is the major component of the EMC effect. Of course, one cannot conclude anything quantitative from a toy onedimensional model. In this paper we perform a realistic calculation in three dimensions with actual nuclear wave functions.
We choose the 3 = 3 system ( He, H) 
The normalization (7r(P)~n(P') ) = 5(P P') -fixes f dk~P (k)~=1. Now let us construct the "nucleus" from two pions:
This state is a composite constructed from elementary constituents obeying definite statistics and is, in this sense, similar to a nucleus comprised of quarks. The "nuclear" state is not normalized to unity. Instead, choosing f dP~X (P)~=1, a straightforward calculation yields an expression for the normalization in terms of the "pion"
wave function P and the "nuclear" wave function g":
Naively one might think that A (P) obeys the usual commutation relation for bosons. This is indeed correct for point pions; however, an easy calculation shows that (7r7r(K)~7777(K') ) =(1 -E)5(K -K'), (1.3) E= f dy IO(y) I', P(y)= f dzX* (z)P"(z+y/2)P ( -z+y/2), (1.5) and P are coordinate-space wave functions, the Fourier transforms of X and P . A little thought will convince the reader that E measures the probability for a quark in one pion to be on top of a quark in the other. It vanishes as the nuclear density goes to zero, but is certainly present at finite density.
It is useful to look at the origin of the exchange correction from yet another angle. The pion states from which the nuclear state is constructed do not form an orthogonal basis. To see this, define A (P) to be the creation operator for a pion with momentum P.
[A (P),A (P')] =5(P P') -C(P-, P'),
(1.9)
Notice that C(P, P') is zero only when the pion wave functions do not overlap. The fact that composites do not always obey simple Bose or Fermi statististics was, of course, recognized in the early days of quantum mechanics and is the subject of the well-known EhrenfestOppenheimer theorem.
To proceed with the simple model defined in Eqs. (1.1) and (1.2), the momentum distribution of quarks in the nuclear rest frame can be calculated:
where the direct and exchange terms are
X P*(q + Q/2)P"(q +P/2)P (q -P/2), (1.12) where Q =k' -k" and q =(k'+k")/2. 
The normalization of P is chosen so that
(2.5)
The spin-isospin part and P are completely symmetric, and overall antisymmetry is provided by the color factor
( 1 /U 3!)e. . . , , ,
In parallel with Eq. (1.8), let us calculate the anticommutator of the composite operators C and C by making use of the basic relation I q",q "I =6": (2.6) with, C =3C ""C""5"(5"q"q --, q"q") .
(2.7)
Other anticommutators remain unchanged It is easy to see that -,
We now calculate the quark momentum distribution in the nucleus' rest frame: The total momentum density is
(3.17) ly sensitive to this prescription for reasons which will be outlined below. "
The structure function Fz(x) is related to the quark probability distribution by It can be readily verified that dkp(k) = -, (3.18) which is a check on the calculation and on the consistency of the approximations we have made.
IV. STRUCTURE FUNCTION
The inclusive scattering of leptons from hadrons is usually described by the hadron structure function F2(x, Q ). While the Q dependence can be understood in terms of perturbative QCD, the x dependence at fixed Q lies in the rather poorly understood nonperturbative domain.
This x dependence measures the bound-state motion of the hadron's charged constituents. One therefore expects that the quark momentum distribution and hadron structure function will be very closely related. In fact, the structure function measures the distribution of quarks as a function of &+=I/v2(k +k ) in the target rest frame, which is equivalent to longitudinal momentum in an infinite-momentum frame. Obtaining the structure function from p(k) is therefore equivalent to boosting the nucleus to an infinite-momentum frame. To do this properly we require a knowledge of the Hamiltonian which binds the quarks, as well as a relativistic description of the bound state, ' neither of which we have. Below we suggest a more or less ad hoc prescription for k as a function of~k~. We do not believe our results are particular-F2 (x) =xr g Qn fn/T(xT» We will replace the function g, &T(k, P) by p rr(k): k+ f,&T(xT)= f d k5 xr -p(k) .
p+ (4.4)
This is not entirely correct because the treatment of the spectators in our construction of P, rT(k) differs from the prescription required for g, ( zT, k)P(Ref. Fig. 4 provides a good approximation to the actual data.
V. DISCUSSION
Our results for the quark-exchange contribution to the EMC ratio R, plotted in Fig. 4 Table I ).
(5) Limitation to dominant s channels in the trinucleon wave function. Both smallness of the remaining channel (probability (10%) and the centrifugal repulsion associated with D states (which reduces nucleon overlap) should make this a good approximation.
(6) Finally, many other potentially important coherent effects have been ignored in our calculation. Among these are final-state interaction, vertex corrections, and interference between the debris of the struck nucleon and spectators in the nucleus.
Given the importance of exchange effects in the relatively dilute 3=3 nuclei discussed here, it is certain that for heavier nuclei these will be even more pronounced. 
